The emission requirements of ships in the emission control zone must meet the Tier III emission standards. The low-pressure dual-fuel engine adopts the midcylinder premixed intake air and double pre-combustion chambers (PCC) structure, which can achieve high efficiency combustion. In this paper, an effective 3D simulation model is established for a marine low-pressure dual-fuel engine. The effects of the structure of the pre-chamber on the performance of a marine lowpressure dual-fuel engine are investigated from the angle of the pre-chamber channel. The angle of the pre-chamber channel affects the direction of flame propagation. Different flame propagation directions will affect the burning speed. Optimizing the angle of the pre-chamber channel is beneficial to the organization of combustion, increasing the flame propagation speed and reducing the formation of NOx.
INTRODUCTION
From January 1, 2016, the emission requirements of ships in the emission control zone must meet the Tier III emission standards [1, 2] . Marine engines use natural gas fuels to be economical and environmentally friendly. However, due to the high natural gas burning temperature, it is difficult to directly compress ignition. It need to be ignited by spark plugs or diesel ignition [3] . The low-pressure dual-fuel engine adopts the mid-cylinder premixed intake air and double pre-chambers structure, which can achieve high efficiency combustion [4] .
The dual-fuel engine has the basic characteristics of a gas-fuel marine main engine such as high-efficiency lean combustion, high average effective pressure (Pme), high efficiency (ηet), and low NOx emissions [5] . These particularities have led to many difficulties in the research and development of high Pme low-speed two-stroke dual-fuel marine engines. This paper chooses commercial CFD software AVL FIRE as the simulation software, and establishes an effective 3D simulation model of a marine low-pressure dual-fuel engine. The effects of the structure of the pre-chamber on the performance of a marine low-pressure dual-fuel engine are investigated from the angle of the prechamber channel.
ENGINE BASIC PARAMETERS
This study uses a Wärtsilä RT-Flex50DF dual fuel as the research object. The basic parameters of the engine are shown in Table 1 .
EFFECT OF PRE-CHAMBER CHANNEL ANGLE ON ENGINE PERFORMANCE
In order to verify the validity of the 3D model, the results of 100% load were compared and verified. As shown in Fig.1 , the simulated cylinder pressure curve is basically consistent with the measured pressure curve, and the average error with the experimental results does not exceed 2.8%. Fig.2 showsthe temperature field cloud picture at different channel angles at -3°CA. When the channel angle is 65°, the direction of flame propagation can be consistent with the channel angle, and the jet flame propagates symmetrically. When the channel angle is 70°, the flame is distributed asymmetrically in the cylinder. It is indicated that when the angle between pre-chamber channel and the vertical direction is too large, the fuel flame passing through the channel is seriously affected by the turbulence and cannot be kept consistent with the channel direction. (a) (b) Figure 3 . Average In-cylinder pressure curve and NOx emissions. Fig 3 (a) shows the pressure change curve in the pre-chamber at different channel angles. The pressure spike caused by the ignition of the fuel is basically unchanged, and the pressure peak in the pre-chamber after the top dead center increases first and then decreases with the increase of the channel angle, and the pressure peak in the pre-chamber when the channel angle is 65° highest. When the channel angle is too small, it will affect the speed of the jet flame, which is not conducive to the rapid combustion of the mixture. A suitable channel angle facilitates combustion, improves engine performance and reduces emissions. Fig 3 (b) shows the NOx emissions amount affected by the channel angle. When the channel angle is 60°, the NOx production amount is slightly lower than that of the other three angles. When the pre-chamber channel angle is 65°, the combustion condition is better. The other three cases, due to the slightly higher temperature incylinder, the amount of NOx generated is also relatively high. NOx emissions are not significantly affected by the angle of the pre-chamber channel.
CONCLUSIONS
In this paper, the effects of the structure of the pre-chamber on the performance of a marine low-pressure dual-fuel engine are investigated from the angle of the prechamber channel. The conclusions is:
The angle of the pre-chamber channel affects the direction of flame propagation. Different flame propagation directions will affect the burning speed. Optimizing the angle of the pre-chamber channel is beneficial to the organization of in-cylinder combustion, increasing the flame propagation speed and reducing the formation of NOx.
